INTRODUCTION
Around the globe, solid and liquid waste are naturally generated anywhere humans are found. The higher the population of an area, the more quantity of waste generated. Sewage in most parts of Nigeria is usually collected in septic tanks from residential houses, institutions, recreational and commercial areas, left there until the tanks are full, and then evacuated by the government environmental authorities. In Rivers State there is only one known sewage treatment plant in Eagle Island, Port-Harcourt, which is scarcely adequate to serve the municipality alone. Due to this incapacity, a lot of sewage collection vehicles dispose of the collected raw sewage directly into rivers, gutters and other surface waters in and around the city. Some residents who cannot afford to pay the collection vehicles simply evacuate their filled septic tanks directly into surrounding soils. This situation is even worse in towns and villages situated in the coastal areas of Rivers State, where raw sewage is directly dumped into the receiving waters on a daily basis.
The disposal of these feacal and organic matter directly into surface waters, soils and the surrounding environment produces offensive odours, negatively affects human health, causes aquatic life to suffer and negates the aesthetics of an environment. According to [1] "untreated wastewater results in high intensity ascariasis infections comprised of cognitive impairment, severe dysentery and anemia". Other diseases related to this activity are "schistosomiasis, trachoma, trichuriasis, hookworm disease, malaria, yellow fever, filariasis, dengue, hepatitis A and E, typhoid, arsenicosis, fluorosis and legionellosis". Skin diseases, salmonellosis, shigellosis, gastric ulcers, giardiasis and amoebiasis are also diseases that result from the presence of feaces and body wastes in surface waters. "Eutrophication is another negative outcome of this poor sanitation practice. Nutrients contained in human excreta produce phosphorus and nitrogen in the river. This increases the nutrients and result in algal blooms, loss of oxygen, fish kills and loss of biodiversity, amongst other problems" [1] .
To address this poor practice of waste disposal, waste treatment plants are required in coastal areas and in densely populated peri-urban and urban areas of Rivers State and other parts of Nigeria, where Abstract: Domestic wastewater comprising of raw sewage and sullage is predominately emptied directly into open water bodies and surrounding soils in Port-Harcourt city and its coastal communities. This practice exists as a result of the absence of functional sustainable wastewater treatment plants in the area. To address this problem, a prototype waste treatment plant was designed for selected households in Opobo town, Rivers State, Nigeria. The treatment units designed comprise of a sump and pump house unit, an approach channel, a screen chamber, and a primary and biological treatment unit. The aeration and settling tanks have a tank volume of 11.1m3 and 13.45m3 respectively; with an estimated BOD removal of 60 -70% and 20 -30% suspended solids. Keywords: Wastewater; Collection system; Raw sewage; Riverine communities; Opobo Town; gravity sewer. domestic and industrial wastewater can be treated effectively to produce effluent that is safe when discharged into receiving waters, whether inland or coastal; and also to produce effluent that can be reused for agriculture or aquaculture [2] .
[3] designed a waste treatment plant for the city of Contorro, Cuba, for the reduction and eventual stoppage of contaminating the Vento aquifer from raw sewage. Their process design involved a range of unit processes and their removal efficiencies. [4] designed a waste treatment plant for the Malali housing estate, Kaduna, Nigeria, where a waste stabilization pond was found to be more economical than polluting the surrounding environment. Other developing countries where waste treatment plants have been successfully implemented in municipalities and peri-urban areas according to [5] are in Nicaragua, Columbia, Sri Lanka, Karachi, Malang, Pakistan, Indonesia, etc.
Study Area
The selected households used for this research are situated in Opobo Town, a peri-urban settlement in the Niger Delta area of Rivers State, Nigeria. According to [1] , Opobo is located at the southern part of Nigeria just beneath Ikot Abasi, Akwa Ibom State. It lies between latitude 4° 30' 41.11" N and longitude 7° 32' 24.32" E. The town is inclusive in the total area of 130 km 2 of the local government area, and has an average elevation of 4m above sea level. Opobo town is bounded on the south by the Atlantic Ocean, on the north by Khana, east by Ikot Abasi and west by Andoni (figure 1). 
Methodology
The methodology employed for this study included survey and mapping of the study area, interview and questionnaire survey and the wastewater treatment units design. Questionnaires were distributed to the residents living within the study area, to ascertain how much water they consume and generate daily. Onsite survey work was also carried out which involved reconnaissance, establishment of points, traversing, detailing and leveling of the study area.
According to [6] a wastewater treatment plant is mainly comprised of the preliminary treatment units (sump or holding tank and pump unit, approach channel, screen chamber, grit chamber and skimming tank), the primary treatment unit, the secondary treatment unit and the tertiary unit. The selection of treatment units by a designer is dependent on the properties of the waste to be treated and the desired final effluent. Taking the study area of a cluster of about 30 households in Opobo town, prototype design of a wastewater treatment system comprised of a sump and pump house, an approach channel, bar screen chamber, primary sedimentation tank and a secondary clarifier before final effluent. Using the data derived from the questionnaire survey analysis, the base population is 540 persons. Since there is no available census data for the study area, assumed values were used to estimate the number of persons for five decades earlier (table 1). 
Population Projection
The maximum velocity is = 8.8 The minimum liquid depth in the sump well is:
Wastewater Treatment Plant Design
= + Therefore, the minimum liquid depth in each well is given by:
= Assuming a maximum of 2.0 m depth of the sump, the surface area of the sump is given by:
Providing 2 sump wells for 2 pumps, 1 working and 1 standby (1W + 1S) such that 1 well will always remain in operation in case of repair/maintenance, the surface area of one sump A s1 is: Now as the diameter of each sump is 0.87 , the area of one wet well will be 4 × (0.87) 2 = 0.59 2
The minimum volume of liquid in the well is: 
Calculating flow velocity through the screen bars v
The effective width of channel, during flow through the screen, is:
Then the velocity of flow through the screen bars, v, is, The liquid depth or side water depth (SWD) is within the recommended range of 3 to 5 m, so design is acceptable.
vi) Design of the hopper bottom:
Calculation of sludge production.
The volume of sludge produced each day in each tank is calculated by the equation, Providing freeboard of 0.03 m, the total depth of the tank will be = 3 + 0.03 = 3.03
And the total volume of the tank 
Discussion
The results of the interview survey established that the system was to be designed for a total of 540 persons with average water consumption and usage of approximately1,419 litres/day/household and a total baseflow of 42,578 litres of wastewater per day. Figure 4 .6 show the schematic layout of the designed treatment plant. A total of 540 persons will be served by the plant and by a population projection analysis 853 residents in 30 years. The wastewater from the selected households flows by gravity to a sump unit or holding tank (also called a wet well), having a total liquid depth of 2.0 m. A centrifugal pump then pumps the wastewater to an approach channel of dimension 0.5m x 0.06m x 0.04m which reduces the turbulence of the pumped wastewater to a steadier and uniform flow. From this point the wastewater flows into the screen chamber of dimension 0.2m x 0.06m x 0.07m. Here floating materials and coarse solids are removed from the wastewater. Next the wastewater flows into the primary sedimentation tank of depth 3.54m where a large portion of mainly inorganic suspended materials are settled out of the influent. An estimated 60 -70% suspended solids and 20 -30% associated BOD is removed. The wastewater finally proceeds to the secondary treatment units comprising of an aeration tank with a total tank volume of 11.1 m3 and a final settling tank of volume 13.64 m3; here colloidal and dissolved solids from the primary effluent is removed. This gives a final effluent of not more than 50 mg/l suspended solids and about 20 mg/l soluble BOD5. At this stage, the wastewater is safer to be discharged into the surrounding waters. 
